Most liquid ion-exchange membrane ion-selective electrodes (ISEs), both potentiometric and amperometric, are based on the facilitated transfer of a specified ion, that is, an analyte ion (or ions in amperometric ISEs) across the liquid/liquid or organic solvent or oil (O)/water(W) interface by a specified ionophore that is usually present in the O phase to associate selectively with the specified ion present in the W phase (for review 1-3 ). In previous papers 4-6 , we showed that heavy metal ions, such as Pb 2+ , Cu 2+ , Cd 2+ , and Hg 2+ ions, give well-defined voltammetric waves at nitrobenzene/W and 1,2-dichloroethane/W interfaces containing an ionophore, 1,4,7,10,13,16-hexathiacyclooctadecane (HTCO), in the O phase. The voltammetric waves of these ions are generally of reversible nature, and, hence, a trace determination of them based on the stripping voltammetric technique 7 appears to be interesting. This note reports the application of an organic-gel (Ogel)/W interface electrode 8 to the stripping voltammetry of Hg 2+ and Pb 2+ ions in the W phase at the ppb level.
Experimental
The electrochemical cell used in the stripping voltammetry can be expressed by cell (I):
where FNDPE denotes 2-fluoro-2'-nitrodiphenylether, LiTFPB lithium tetrakis(4-fluorophenyl)borate, TPnATFPB tetrapentylammonium tetrakis(4-fluorophenyl)borate, and HSM hydrophilic semipermeable membrane. The polarizable O-gel/W interface, that is, the test interface, is indicated by an asterisk. The cell potential is the terminal potential of the right-hand Ag/AgCl reference electrode (RE2), referred to that of the left-hand Ag/AgCl reference electrode (RE1). In this note, the applied potential (E) is reported against the reversible half-wave potential of the transfer of tetraethylammonium ion (TEA + ) across the FNDPE-PVC gel/W interface ( r E 1/2,TEA ), which was determined to be -0.21 0 V for cell (I) by cyclic voltammetry, in which the test solution (phase V) is replaced by 25 µM (M = mol dm -3 ) TEABr in 0.1 M LiCl.
FNDPE was obtained from Dojindo Laboratories Ltd. Poly(vinylchloride) (PVC) and tetrahydrofuran (THF) were obtained from Wako Pure Chemicals Industries Ltd. They were used as received. The preparation of LiTFPB will be described elsewhere. 9 Other chemicals are described elsewhere. [4] [5] [6] The FNDPE-PVC gel electrode was made by the casting method; an aliquot, usually 0.04 ml (l=dm 3 (propylene) tube (6.5 mm in outer and 5.0 mm in inner diameters), temporarily packed by a flat end of a glass rod of 5.0 mm in diameter. The THF was allowed to evaporate overnight to form a thin membrane of FNDPE-PVC gel. The thickness of the membrane gel electrode was ca. 50 µm or less. The geometrical area of the electrode was 0.33 cm 2 . The electrode was rotated around the axis of the poly(propylene) tube, usually at 500 rpm, during the preelectrolysis time. All measurements were carried out at 25±0.5˚C. The other details of the electrode construction and electrochemical measurement are given in references [4] [5] [6] , and will be described elsewhere. 9 Results and Discussion ion across the O-gel/W interface was observed within the potential window. The positive peak current or anodic peak current (i pa ) corrected for the base current, was proportional to the analytical concentration of Hg 2+ ion in the bulk of the W phase (( * c W M ) t ) between 0.50 and 50 µM. The i pa was also proportional to the square root of the scan rate (ν) between 0.01 and 0.2 V s -1 . The midpoint potential (E mid ) defined by E mid = (E pa + E pc )/2, E pa and E pc being anodic and cathodic peak potentials, respectively, was determined to be -0.012±0.002 V, independently of both ( * c W M ) t and ν. The peak separation (∆E p ), defined by ∆E p = E pa -E pc , was 0.042±0.002 V at ν = 0.02 V s -1 . A small linear increasing of ∆E p with ν 1/2 was observed, which may be ascribed to the iR potential drop due to an uncompensated solution resistance (solution resistance was usually more than 30 kΩ). -HTCO complex, and the cathodic current to the transfer back of Hg 2+ ion from O-gel to W phase. The transfer process is reversible or nernstian. The average diffusion coefficient of the Hg 2+ ion species in the W phase was calculated to be (0.9 2 ±0.1 4 )×10 -6 cm 2 s -1 from the anodic peak heights.
In stripping voltammetry, the applied potential was first scanned from the initial potential, E i (= -0.13V), to the preelectrolysis potential, E e (= 0.11 V), at ν = 0.01 V s -1 , then kept at E e for the preelectrolysis time (t e ) while 64 ANALYTICAL SCIENCES FEBRUARY 1998, VOL. 14 the FNDPE-PVC gel electrode was rotated around its axis, followed by the rest period (rotation off), usually 30 s. Then, the applied potential was scanned toward the negative direction from E e to -0.18 V at ν = 0.01 V s -1 to obtain the stripping voltammogram. Figure 2 shows stripping voltammograms of Hg 2+ ion at different ( * c W M ) t 's when t e = 300 s. The voltammograms were recorded after correction for the base current. A welldeveloped peak is observed at E pc = -0.03 V, which is in harmony with the result of the cyclic voltammetry mentioned above. The cathodic stripping peak current (i sp ), corrected for the base current, increased with increasing t e , though the increment gradually decreased with t e . When t e was longer than 600 s, the reproducibility of i sp became poor.
The dependence of i sp on ( 
with a mean square error 5 (MS E ) of 0.58 nA 2 . The detection limit, defined by 3MS E 1/2 /m, m being the slope of the regression line, was determined to be 7.9 nM, that is, 1.6 ppb.
Pb 2+ ion gave a reversible voltammetric wave of E mid = 0.12 V at the 0.04 M HTCO, 0.1 M tetrapentylammonium tetrakis(4-chlorophenyl)borate (FNDPE-PVC gel)/0.01 M LiNO 3 (W) interface. Thus, the detection limit as low as 1 ppb was also achieved for Pb 2+ ion by the stripping voltammetry method. 9 Among other ions studied, Pd 2+ ion also gave a well-defined voltammetric wave of E mid = -0.03 V at the 0.01 M HTCO, 0.05 M tetrapentylammonium tetraphenylborate or 0.1 M TPnATFPB (FNDPE-PVC gel)/ 0.02 M CH 3 COOLi (W) interface. Other ions, such as Cd 2+ and Cu 2+ ions, gave no or only an ill-defined wave at the interface tested. The studies are being continued.
